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HYDRAULIC DAMPER OF ADJUSTABLE
DAMPING FORCE TYPE

BACKGROUND OF THE INVENTION

This mvention relates to a hydraulic damper of ad-
justable damping force type. |

Recent automotive vehicles such as passenger cars
tend to adopt hydraulic dampers of adjustable damping
force type in suspension systems thereof. The driving
comfort of the vehicles can be improved by changing
damping force characteristics of hydraulic dampers in
response to the condition of the road on which the
vehicles are running and to the running speed thereof.
- Namely, when a vehicle is running on a smoothly paved
road it i1s desired the reduce the damping force and
“when the vehicle is running on a rough road it is desired
to increase the damping force.

Typically, such hydraulic dampers of adjustable

damping force type comprise a piston working in a

cylinder and partitioning the interior thereof into two
liquid chambers, a piston rod secured to the piston and
extending through one of the two liquid chambers and
to the outside of the cylinder, a first passage formed
through the piston for communicating the two liquid
chambers, a damping force generating valve mechanism
for controlling the liquid flow through the first passage,
a by-pass passage formed in the piston rod for communi-
cating the two liquid chambers separately from the first
passage, and an adjusting valve operable from the out-
side of the cylinder and conirolling the liquid flow
through the by-pass passage. The adjusting valve acts to
change the effective passage area of the by-pass passage,
- whereby the amount of the liquid flowing through the
damping force generating valve mechanism and the
damping force of the damper is adjusted both in the
extension and contraction strokes of the damper. The
by-pass passage constitutes an orifice of adjustable
cross-sectional area and, thus, changes the increasing
portion in the respective damping force-piston speed
diagram. When the damping force increases to a prede-
termined level, the damping force generating valve on
the piston opens, and the damping force is determined
by the characteristics of the valve mechanism which is
not substantially affected by the characteristics of the
by-pass passage. In other words, the adjustment is only
performed on the inclination of the increasing portion
of the diagram, and is not performed on the damping
force when the damping force generating valve is open.

Thus, it has recently been required to adjust the
damping force of the hydraulic damper over the entire
working range of the damper.

SUMMARY OF THE INVENTION

The object of the present invention is to satisfy such
requirements, and the invention provides a hydarulic
damper comprising a piston working in a cylinder and
partitioning the interior thereof into two liquid cham-
bers, a piston rod secured to the piston and extending to
the outside of the cylinder, a first passage for connect-
ing the two hiquid chambers, a first damping force gen-
erating valve mechanism provided in the first passage
for generating a relatively high damping force, a second
passage for connecting the two liquid chambers, a sec-
ond damping force generating valve mechanism pro-
vided in the second passage for generating a relatively
low damping force, and an adjusting valve mechanism
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provided in the piston rod and controlling the effective
passage area of the second passage.

When the second passage is closed by actuating the
adjusting valve mechanism from the outside of the
damper, the damping force is determined by the first
damping force generating valve mechanism and is high.
When the second passage is opened by actuating the
adjusting valve mechanism from the outside of the
damper, the hquid may flow both in the first and second
passage. However, the hquid flow through the first
passage 1s substantially smaller than the liquid flow
through the second passage and the damping force is
substantially determined by the second damping force
generating valve mechanism.

Preterably, the first passage is formed through the
piston and the second passage is provided in the inner
end portion of the piston rod.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and advantages of the invention will
become apparent from the following detailed descrip-
tion with reference to the accompanying drawings
which exemplify some preferred embodiments of the
invention and, in which:

F1G. 1 1s a longitudinal sectional view of a hydraulic
damper according to the invention;

FIG. 2 is an enlarged partial view of a portion of
F1G. 1 and showing a second damping force generating
valve mechanism in FIG. 1;

FIG. 3 1s a partial cross-sectional view taken along
line III—III in FIG. 1;

FIG. 4 1s a diagram showing the relationship between
the damping force and the piston speed of the damper of
FIG. 1;

F1G. § 1s a longitudinal sectional view of a hydraulic
damper according to a second embodiment of the in-
vention;

FIG. 6 1s a cross-sectional view taken along line
VI—VT1 in FIG. 5;

FIG. 7 1s a cross-sectional view taken along line VII-
—VII 1n FIG. §;

FIG. 8 1s a cross-sectional view taken along line VIII-
—VIII in FIG. §;

FIG. 9 1s a diagram showing the relationship between
the damping force and piston speed of the damper of
F1G. 5;

FI1G. 10 is a partial sectional view of a hydraulic
damper according to the invention and showing a bot-
tom valve; and

FIG. 11 1s a characteristic diagram of the hydraulic

damper of FIG. § as modified to have the bottom valve
of FIG. 10. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1-FIG. 4 show a hydraulic damper of adjust-
able damping force type according to a first embodi-
ment of the invention, and the damper comprises a
dual-tube housing 1 having an inner tube or cylinder 2
and an outer tube 3. A piston S secured to the lower or
inner end of a piston rod 4 works in the cylinder 2 and
partitions the intertor of the cylinder 2 two liquid cham-
bers R1 and R3. A hollow nut 6 is screw-threadingly
connected to the lower end of the piston rod 4 to secure
the piston § to the piston rod 4. Two sets of axially
extending holes 7 and 8 are formed through the piston
to communicate the two liquid chambers R; and Ra.
The holes 7 are normally closed by a damping force
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- generating disc: valve 9 which cooperates with the
- upper side surface of the piston 5, and the holes 8 are -
inermally closed by a damping force generating disc

valve 11 cooperating with the lower side surface of the
;plsten 5. The disc valve 9 opens when the pressure in
the lower chamber Rz exceeds the pressure in the upper: -
-chamber R1 by a predetermmed amount and- the disc

sueh sPnngs 10 and 12 may be -oml-tted- and the dISC- N
valves 9 and 11 may be replaced by any suitable damp-- -
-mg ferce generatmg valves known : per se. The first:

- ing force generatlng valve meehamsm accerdlng tothe :
mventlon In: thls embodlment the dlse valves 9 and 11,
15

4

to c.GOperate with the other side surface (the upper side- |

side surface (the lewer suie surface in the drawmg) of an -

outer annular valve seat 22q for cooperating with-one . .- -

| ;member 22 and havmg an inner annular valve seat 26a: -

prowded an: onﬁce passage 15 between one of the holes: 25 seonstltute a second eemmumcatmg passage Ly aecord- -----
7 and the upper chamber R for permanently communi- . ing to the invention, and the liquid flow therethrough is

cating the two chambers Ryand R>. - ... controlled by the second damping force -generating

- As shown in FIG. 1, there is provided a lower cap19: - - mechanism 28 and the adjusting valve 27. The second
c-lesmg- the lower end of the outer tube 3, and a mount-. = damping force generating valve mechanism 25 gener-

1ng ring 20 1S seeur'ed' to the lower'cap' 19 for mountmgr 30: rates a relatwely small dampmg force as cempare‘d W-lth

The upper end of' the outer tube 3 is closed by an upper: .

- cap, and a seal 17 is disposed on the inner surface of the 35 nected to an aetuattng meehamsm sueh as an :eleetnc
uppercapandreeewessltdablyandseahnglythepiston motor (not:shown).: o
rod 4 to seal the interior of the outer tube 3 from the - 'In :operatlen, when the piston 5 and the plsten'redf ¢ S
outside. An annular resilient check valve 17a 1s disposed move in the upward or downward direction in the ex-
between the inner surface of the seal 17 and the rod tension or contraction stroke of the damper and when
- guide 18 and encircles the piston rod 4. An annular 40 the piston speed V is low, the valves 9, 11 and 25 are
- space defined between the inner and outer tubes 2 and 3 maintained closed, and the liquid flow between cham-
constitutes a reservoir chamber, and pressurized gas G bers R1and R solely passes through the orifice passage
1s filled in the upper portion of the reservoir chamber. 15 which defines an increasing portion (line OP1P;) of
The lower portion of the reservoir chamber and the the damping force piston speed diagram depicted in
liquid chambers R; and Rj receive therein hydraulic 45 FIG. 4.
liquid such as oil and the lower end portion of the reser- The adjusting valve 27 acts to selectively fully open
voir chamber 1s communicated permanently with the or fully close the radial hole 21 and F1G. 3 shows the
lower end of the lower chamber R; through a passage fully open condition. When the adjusting valve 27 fully
16. The check valve 17a permits fluid flow from the closes the hole 21, no liquid flows through the second
liquid chamber R to the upper portion of the reservoir 50 passage L and, when the piston speed further increases,
chamber and prevents fluid flow in the opposite direc- the damping force generating valve mechanism 13
tion. opens to permit the liquid flow between chambers R;
A hollow portion i1s provided in the lower end of the and Rj; through either of the valves 9 and 11, and a
piston rod 4, and the hollow portion cooperates with relatively large damping force i1s generated. Such condi-
the hollow nut 6 to define an internal chamber R3. The 55 tion is depicted by line P2F> in FIG. 4.
chamber R3 1s communicated with the upper chamber When the adjusting valve 27 is rotated to the condi-
R through a radial hole 21 formed in peripheral wall of tion shown in FIG. 3, the second damping force gener-
the piston rod 4, and the communication therebetween ating valve 25 opens at a relatively small pressure differ-
is controlled by a cylindrical valve member 27, which ence between the chambers R; and Rj;. The damping
constitutes an adjusting valve according to the inven- 60 force at such condition is shown as line P1¥F, in FIG. 4.
tion, rotatably engages with the inner surface of the In this embodiment, the second damping torce gener-
peripheral wall of the piston rod and has a cutout por- ating valve mechanism 25 generates a relatively large
tion 28 to cooperate with the hole 21. The chamber R3 damping force in the extension stroke as compared with
1s also communicated with the lower chamber R; the damping force by the valve 25 in the contraction
through a second damping force generating valve 65 stroke, since the force for deflecting the outer circum-

mechanism 25 which, as shown in FIG. 2, consists of an
annular resilient disc, a generally cylindrical valve seat
member 22 secured to the hollow nut 6 and having an

ference of the disc in the direction of arrows A to form
a predetermined passage area is smaller than the force
for deflecting the inner circumference of the disc in the
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direction of arrows B in forming the predetermined
passage area. Such characteristics of the damper is par-
ticularly advantageous in utilizing the damper of an the
suspension system in automotive vehicle.

FIG. 5 shows a second embodiment wherein parts
corresponding to the first embodiment are depicted by
the same reference numerals. The construction of the

piston 5 and the first damping force generating valve

mechanism 13 is similar to the first embodiment, but the

orifice passage 15 acting as a fixed orifice is omitted.
There 1s provided in the inner chamber R3 a coaxial
hollow tube 37 with the lower end thereof being se-
cured to the lower end of the hollow nut 6 through a
valve seat member 22 generally similar to the valve set
member 22 in the first embodiment and a valve retaining
member 38 which 1s generally similar to the valve re-
taining member 26 in the first embodiment. The upper
end of the hollow tube 37 rotatably and sealingly en-
gages with a rotatable valve member 27' which is rotat-
ably disposed 1n the upper end of the inner chamber Rs.
The valve member 27 has a cylindrical wall slidably
engaging with the inner surface of the hollow portion of
the piston rod 4. The hollow tube 37 defines therein a
second inner chamber R4 which is permanently commu-
nicating with the lower liquid chamber R;. Similarly to
the first embodiment, second damping force generating
valve mechanism 28 generating a relatively small damp-
ing force 1s disposed between the lower liquid chamber
R and the inner chamber R3 which is referred as a first
inner chamber in the second embodiment.

The valve member 27 has an elongated cylindrical
wall and radially inwardly extending flanges partition-
ing the cylindrical wall into upper, intermediate and

Jlower sections. A relatively large cutout 28 is, similarly

to the first embodiment, provided 1n the lower section
of the cylindrical wall of the valve member 27 for
selectively communicating the first inner chamber R3
with the upper liquid chamber R through the radial
hole 21 in the piston rod 4. In the first embodiment, the

valve member 27 is rotated by about 90 degrees to sim-

ply open or close the radial hole 21. However, the valve

" member 27’ takes three angular postions such as 0, 120

and 240 degrees, and the cutout 28 communicates the
chambers R and Rj3 at two angular positions. For this
end, there are provided two circumferentially spaced
radial holes 21 as shown in FIG. 8.

In the intermediate section of the cylindrical wall of
the valve member 27’ there is provided, as shown in
F1G. 7, a cutout 39 1s formed to communicate the sec-
ond inner chamber R4 with the upper liquid chamber
Ri. Three circumferentially spaced holes 31a, 315 and
31c having different cross-sectional areas are provided
in the piston rod 4 to cooperate with the cutout 39. The
radial holes 31ag, 315 and 31¢ act as an adjustable orifice
for defining the increasing portion of a characteristic
diagram which will hereinafter be explained. Further,
as shown in FIG. 6, there is provided in the upper sec-
tion of the cylindrical wall of the valve member 27 a
cutout 40 for cooperating with three circumferentially
spaced radial holes 324, 32b and 32¢ formed in the pis-
ton rod 4. The cutout 40 in the valve member 27’ and
radial holes 32¢ 32b and 32c¢ act to communicate the
second mmner chamber R4 with the upper liguid chamber
R; only in the contraction siroke of the damper. A
check valve 34 receiving the spring force of a coil
spring 35 normally seats on a valve seat formed in the
radially inwardly extending flange 33 which partitions
the upper and the intermediate sections of the cylindri-
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cal wall of the valve member 27'. The check valve 34
opens when liquid flows from the second inner chamber
R4to the upper liquid chamber R through the cutout 40
and one of radial holes 324, 325 and 32¢, but the check
valve 34 prevents liquid flow in the reverse direction.
The effective cross-sectional areas of the holes 32a, 324
and 32¢, and holes 31a, 31) and 31c¢ are determined such
that the holes 31a and 324 are the smallest and the holes
31c and 32c¢ are the largest as shown in FIGS. 6 and 7.
The valve member 27 is secured to an actuating rod 29
which extends through the piston rod 4 and is operable
from the outside. _

It will be understood from FIGS. 6, 7 and 8 that when
the valve member 27’ takes the position shown in the
drawings, the upper chamber R is connected with the
first inner chamber R3 through the radial hole 21 which
does not have any throttling effect even when the sec-
ond damping force generating valve 25 is fully open.
The upper chamber R is also connected with the sec-
ond inner chamber R4 through a relatively large radial
hole 31¢ and through the check valve 34 and relatively
large radial hole 32¢. In the drawings the holes 31c and
32¢ are comparable to the hole 21 but, the holes 31¢ and
32c¢ are sufficiently smaller than the hole 21 such that a
predetermined throtthng effect generates on the liquid
flow passing through the hole 31c or 32¢. This position
of the valve member 27’ is referred to hereinafter as the
“c” posttion.

When the valve member 27’ is rotated by 120 degrees
in the counterclockwise direction as viewed in FIGS. 6,
7 and 8, the upper chamber R 1s connected to the first
inner chamber R3through another radial hole 21 having
a large cross-sectional area similar to the first mentioned
radial hole 21. The chamber R; is also connected with
the second inner chamber R4 through the radial hole
31b and through the radial hole 325 and the check valve
34. The cross-sectional areas of the holes 316 and 325
are smaller than the holes 31a and 32a. This position of
the valve member 27’ 1s referred to as the “b” position.

When the valve member 27’ 1s further rotated by 120
degrees in the counterclockwise direction as viewed in
the drawings, the communication between the cham-
bers R and R3 is intercepted since any opening i1s not
provided in the position 21' shown by broken lines in

FIG. 8. The chamber Rj1is connected with the chamber

R4 through relatively small radial hole 31z and through
relatively small radial hole 32 and the check valve 34.
This position of the valve member 27’ is referred to as
the “a” position.

In operation, when the piston § and the piston rod 4
move upward in the extension stroke of the damper and
the valve member 27 takes the “c” position, the radial
hole 31c acts as an orifice for determining the increasing
portion of the characteristic diagram as shown in FIG.
9 and defines Iine OP;.. Thereafter, the second damping
force generating valve mechanism 2§ opens and the
damping force will increase along line P1.Fi.1n FIG. 9.

When the valve member 27’ takes the “b” position the
damping force will change along solid line OP15F15 in
the extension stroke of the damper.

When the valve member 27' takes the “a” position,
the second damping force generating valve mechanism
25 does not generate any damping force since the com-
munication between the upper chamber R and the first
inner chamber R31s prevented by the valve member 27’
The damping force is depicted by solid line OP;,,F2,
wherein the increasing portion OPy, 1s defined by the
orifice formed by the radial hole 31a and the portion



- bottom valve is advantageous in reducing the pressure

... iU Further, the hole 31ag defining the smallest orifice may: 15 substantial damping force and, the check valve 3415 - . 1

.............

valve seat member 53 for biasing the valve seat member
53 toward the lower cap 52, and an annular valve disc
56 consisting of one or more mutually overlapping an-
nular discs. The valve seat member has an orifice 54 in
the central portion and a plurality of through holes 55 in
the circumferential portion.

When the piston rod 4 displaces upward in the exten-
sion stroke, the valve seat member 53 moves upward
against the spring force of the spring 57 to form a rela-
tively large opening between the circumference of the
lower cap $2 and the valve disc 56, as shown in FIG. 10,
so that the liquid in the reservoir chamber can relatively
freely flow into the lower liquid chamber R; to compen-
sate for the outward displacement of the piston rod 4
leaving the cylinder 2.

In the contraction stroke of the damper and when the
adjusting valve 27’ is at the “c” position, the liquid in
the lower liquid chamber R flows into the upper liquid
chamber R through the second inner chamber R4, the
check valve 34 and the hole 32¢ having a large cross-
sectional area without generating any substantial damp-
ing force, liquid in the lower liquid chamber R; corre-
sponding to the ingress of the piston rod 4 into the
cylinder 2 flows into the reservoir chamber through the
orifice passage 54 and through a circumferentially ex-
tending axial clearance formed between the inner cir-
cumference of the valve disc 56 and the corresponding
valve seat defined on the lower surface of the valve seat
member with the inner circumference of the valve disc
56 being deflected downwards. The damping force of
the bottom valve can be reduced as desired.

damping force generating mechanisms shown in the

illustrated embodiments mainly consist of annular resil-
ient discs, but any other types of damping force generat-
ing mechanisms may be utilized. Further, the adjusting
valves 27 and 27’ shown in the illustrated embodiments
are rotated by an actuating rod 29 which passes through
the piston rod. However, the adjusting valves 27 and 27°
may be rotated by any other suitable actuating mecha-
nisms such as hydraulic, electric or magnetic actuators..

What is claimed 1s:

1. A hydraulic damper of the adjustable damping

force type comprising:

a piston working in a cylinder and partitioning the
interior thereof into two liquid chambers;

a piston rod secured to said piston and extending to
the outside of said cylinder;

a first passage means for connecting said two liquid
chambers;

a first damping force generating valve means com-
prising first and second oppositely opening resilient
valve disc means provided in said first passage
means for generating a relatively high damping
force both in the extension and contraction strokes
of said damper;

a second passage means for connecting said two lig-
utd chambers independently from said first passage
means;

a second damping force generating valve means com-
prising a resilient valve disc provided in said sec-
ond passage means for generating a relatively low
damping force both in the extension and contrac-
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tion strokes of said damper as said valve disc opens
-in respective opposite directions; and
adjusting valve means provided in said piston rod and
controlling the effective passage area of said sec-
ond passage means.

2. A hydraulic damper as claimed in claim 1, wherein
said adjusting valve means is operable from the outside
of said damper.

3. A hydraulic damper as claimed in claim 1, wherein
said first passage means is formed through said piston,
and said second passage means is provided in an inner
end portion of said piston rod which extends through
and is connected to said piston.
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4. A hydraulic damper as claimed in claim 1, further
comprising an orifice passage connecting said two lig-
uid chambers separately from said first and second pas-
sage means.

5. A hydraulic damper as claimed in claim 4, wherein
the effective passage area of said orifice passage 1s also
controlled by the adjusting valve means.

6. A hydraulic damper as claimed in claim 4, wherein
said orifice passage includes a branch passage having
therein one-way valve means for closing said branch
passage in either one of the extension and contraction
strokes of said damper and for permitting liquid flow In
said branch passage in the other of the extension and

contraction strokes of said damper.
* ¥ & %k %K
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